The optimization of micellar-enhanced ultrafiltration (MEUF) of arsenic (As) contaminated aqueous solution using cetylpyridinium chloride (CPC) as surfactant was studied through experimental and artificial neural network (ANN) modeling. Experimental studies were carried out by varying operational conditions such as time, pressure, molar ratio of CPC to As, concentration of As and pH of feed solution. Root mean square error (RMSE) and coefficient of determination (R 2 ) were considered as performance criterion to evaluate the predicted results of ANN model.
Introduction
The water resources contamination with arsenic (As) has been studied worldwide [1, 2] . Due to 2 severe health concerns associated with arsenic polluted water, maximum contaminant level was 3 changed from 50 to 10 ppb in 2001 by United States Environmental Protection Agency (EPA) 4 [3]. Therefore, arsenic removal from water is getting more attention to combat health related 5 issues and environmental problems as well. Several techniques including membrane separation 6 techniques including nanofiltration and reverse osmosis were used to eliminate 90-95% of 7 arsenic from water but at high pressure achieved by high energy consumption [4, 5] . Although 8 ultrafiltration (UF) requires less energy and runs at lower pressures but low molecular weight 9 pollutants cannot be removed without enhancing their size. In micellar enhanced ultrafiltration 10 (MEUF) technique, surfactant addition is required to form micelles of dissolved aqueous 11 pollutants above their critical micelles concentration (CMC), and consequently removed by UF. 12 Researchers studied this technique, because of its higher removal efficiency and lower energy 13 consumption [6-8].
14 The MEUF process can be mostly influenced by various operating parameters, so, there 15 is a need of hour to explore the effect of those variables to evaluate the process performance. In 16 literature, effect of various operating parameters including, molecular weight cut-off (MWCO), 17 As concentration and pH of feed solution, molar ratio of surfactant to arsenic, membrane 18 material, types of surfactants and other co-occurring inorganic solutes on the removal efficiency 19 (RE) of arsenic was investigated experimentally, [9] [10] [11] . Previously, most of the MEUF process 20 optimization studies were conducted by considering one-parameter-at-a-time during experiments 21 that is an expensive and time-consuming strategy. Therefore, artificial neural network (ANN) 22 modeling appears as an alternative technique for optimization and control of MEUF process [12] . 1 ANN networks are capable to store and process the information with distributed memory without 2 empirical studies of the process and after learning they can make decision by commenting on 3 similar events as literature studies showed their applications in various environmental 4 engineering systems [13] [14] [15] [16] .
5
In literature few studies were conducted for MEUF process optimization using different 6 modeling techniques. The As removal from aqueous solution through MEUF using binary 
16
MEUF optimization using experimental, and ANN modeling techniques for As removal 17 from aqueous solution was not found in the literature as per author's knowledge. In this study 18 experimental dataset was used to evaluate the As RE of MEUF process from aqueous solution.
19
The experimental studies were carried out by varying operational conditions such as time, 20 pressure, molar ratio of CPC to As, As concentration and pH of feed solution. The aim of this 21 study was to propose the best model for MEUF process optimization that can provide an The schematic drawing of lab-scale MEUF system is depicted in Fig. 1 , which comprises 18 of (1) mixer, (2) feed water tank, (3) valve, (4), (5) feed and cleaning pumps, respectively, (6) 19 UF, (7) reject water circulation (8) MEUF product water tank. A cross-flow type filtration was 20 performed using UF where rejected solution is recirculated in to the feed tank, whereas, product 
Experimental Data Preparation 4
The arsenic removal conditions were optimized by changing MEUF parameters; time (10-60 5 minutes), pressure (1.5-2.5 bar), molar ratio of CPC to As (3 to 10), As concentration of feed 6 solution (1 to 3 Mm) and pH of solution (7 to 8.5). The data was obtained from an experimental 7 work under aforementioned operating conditions for As removal from aqueous solution using 8 MEUF technique. In ANN modeling time (T), pressure (P), molar ratio of CPC to As (CPC/As), 9 arsenic concentration of feed solution (As) and pH of solution were considered as input 
(3) The experimental studies were tested for As removal from aqueous solution as presented in 11 Table 2 , these values of pressure were selected on the basis of previous studies [6, 26-29].
12
Average As removal percentage as shown in Fig. 3 (a) Number of experiments were performed to investigate the effect of molar ratio of CPC to As at 2 fixed pressure as evaluated previously. As presented in Fig. 3 (b) , average removal of arsenic 3 was 99.00, 98.15, 96.51% for a molar ratio of 10:1, 8:1, 5:1, respectively but at molar ratio of 3:1 4 average arsenic rejection was dropped to 83.09%. An improvement in As removal was noted 5 corresponding to an increase in CPC to As ratio. This improvement occurred due to more 6 micelles formation at higher CPC concentration, which increases the available micelle surface 7 area for attracting arsenic ions electrostatically. Previously done studies supported these results 8 [26-30]. The optimum molar ratio was noted as 5:1 that provides 96.13% average removal of 9 arsenic at 1.8 bar pressure without any pH adjustment. Series of experiments were performed to explore the effect of pH on As removal from aqueous 2 solution. It was observed that arsenic removal was slightly increased by pH up to 8.0 as in Fig. 3 3 (d), but above that no increase in As RE was observed. As previously reported that As(V) species 4 were found neutral at pH 1.0 while between pH 2.22 to 6.98, they change from neutral to mono-5 anionic form. Further, at a pH value of 6.98, mono-anionic to di-anionic dissociation happened. hazardous to the environment as used chemicals were drained to wastewater stream. Resultantly, 1 it is need of hour to find an alternate to minimize experimental studies to make future studies 2 easier and more reliable for optimization of such type processes. For this purpose, ANN studies 3 were considered for modeling of MEUF process used for As removal from aqueous solution as 4 described in below sections. The As removal conditions were optimized by changing MEUF parameters; time (ranges 10-60 9 minutes), pressure (ranges 1.5-2.5 bar), molar ratio of CPC to As (ranges 3-10), As concentration The number of neurons in the hidden layer were varied from 2-50 to find optimum number of 21 neurons. Each topology was checked thrice using RMSE values as performance criteria. ANN 22 models provided the best results by using Levenberg-Marquardt algorithm with 10 neurons in the 1 hidden layer. Through trial and error method, it was noted that (5-10-1) is the best ANN 2 topology as presented in Fig. 4 . The optimal architecture of ANN for best prediction of As 3 removal using MEUF process from aqueous solution was observed by considering 5 variables 4 input layer; 10 neurons in a hidden layer; and one variable output layer (5-10-1). of CPC to As (CPC/As) and pH. It was noted that all considered operating parameters were 12 significant in this MEUF study for As removal from aqueous solution as shown in Fig. 6 
